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Objectives:

     The aims of this module are:

· to introduce to basic CMOS analog building blocks;

· to define the most important characteristics and parameters of  discussed analog circuits;

· to present the basic design equations;

· to specify the simulation test circuits for examination of basic characteristics and parameters of described analog blocks.

Contents:

1. Basic Analog Models for CMOS Technology 

The good understanding of analog circuits needs of appropriate models of used active devices.  Here are discussed basic most popular models of MOS and bipolar integrated transistors based on equivalent circuits. These models are widely used for hand analysis and design equations developing at the first step of design procedures. 
· MOSFET modeling for hand-calculation - large signal model, low-frequency small-signal model, high-frequency small-signal model, body effect, effect of variations in the fabrication process;
· Guided exercise_1: Simulation testing of MOSFET hand-calculation model parameters;
· Vertical and Lateral BJT in CMOS technology – large-signal model, small-signal model. 
2. CMOS Biasing Circuits

The principles of design of bias blocks for analog circuits are discussed and basic circuits are analyzed and simulated.  

A. Current Mirrors

· Simple CMOS current mirror - basic characteristics and parameters, basic relations, sensitivity analysis,  matching accuracy;
· Guided exercise_2: Dimensioning, simulation and basic parameters estimation of simple current mirror;
· Improved CMOS current mirrors - high-output impedance current mirrors, wide-swing current mirrors;
· Non-guided exercise_1: Dimensioning and simulation of improved current mirrors. 
B. Current References 

· Current source/sink self-biasing circuits - threshold voltage, diode, thermal voltage and beta multiplier referenced circuits;
· Guided exercise_ 3: Analysis, dimensioning and simulation current reference circuits;
· Non-guided exercise_2: Analysis, dimensioning and simulation of beta multiplier current reference circuits.
C. Voltage References

· Simple MOSFET voltage dividers;
· Guided exercise_4: Simulation the variations of the output voltage of MOSFET divider caused by power supply voltage, temperature and fabrication process variations

· Advanced voltage references - band-gap and beta multiplier referenced circuits;
· Non-guided exercise_3: Simulation the variations of the output voltage of advanced voltage reference circuits caused by power supply voltage, temperature and fabrication process variations.
3. CMOS Single Stage Amplifiers

Basic CMOS amplifier circuits are discussed and the design equations for each circuit are presented. Examples for characterization of the circuits by using simulations are described. 

      A. Single stage amplifiers 

· Basic configurations - common source, common drain and common gate circuits; 

· Cascode amplifiers;
· Output amplifiers - high-output and low-output impedance circuits;
· Guided exercise_5: Investigation of frequency response of basic single stage amplifiers through simulation.
B. Differential amplifiers

· Source-coupled pair;
· Basic differential amplifiers with active load - symmetric low-impedance load, symmetric high-impedance load, current mirror load;
· Test circuits for evaluation of basic characteristics and parameters of the differential amplifiers by simulation;
· Guided exercise_6: Performance comparison of basic three type differential amplifiers with active load;
· Advanced differential amplifier configurations;
· Non-guided exercise_4: Examination of advanced differential pairs.
4. Operational amplifiers

The principles of most popular CMOS operational amplifier circuits are discussed and analyzed. The basic design equations and tradeoffs are presented. Test circuits for characterization of the operational amplifiers by using simulations are described. 

· Basic CMOS operational amplifier configuration;

· Operational transconductance amplifiers (OTAs): basic two-stage configuration (Miler OTA), Cascode OTA, Folded-cascode OTA;
· Test circuits for simulation of  basic characteristics and parameters of op-amp; 
· Advanced operational amplifier configurations;
· Non-guided exercise_5: Analysis, design and performance evaluation of OTAs.
Teaching and learning method: e-learning and self study.
Prerequisite knowledge: basic physics, mathematics, basics of electronic circuits, PSpice.
Teaching and learning material: 4 e-learning lecture notes with short presentation of theory, 11 e-learning exercises (6 guided and 5 non-guided) and additional recommended references for self study.
Recommended references:
- R. Baker, H. Li, D.Boyce. CMOS Circuit Design, Layout and Simulation, IEEE Press, New York, 2005, ISBN 0-7803-3416-7.

- Ph. E. Allen, D. R. Holberg, and Allen. CMOS Analog Circuit Design, Oxford University Press, Inc., 2002. ISBN 0-19-511644-5. 
- F. Maloberti. Analog design for CMOS VLSI Systems. Kluwer Academic Publishers, 2003,  eBook ISBN: 0-306-47952-4, Print ISBN: 0-7923-7550-5.
Evaluation method: solutions of exercises must be sent to lecturer for the guided exercises.
Examination method: multiple choice exam for theoretical part (30%) and evaluation of the solutions of the non-guided exercises (70%).
